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Abstract 
Introduction: The development of thrombosis is multifactorial in Antiphospholipid Syndrome 
(APS), with other inherited and acquired risk factors influencing the thrombotic profile. While inherited 
thrombophilia are still rare among APS patients, some works suggest a higher prevalence of C and S 
Proteins deficiencies and factor V Leiden mutation in these patients compared to the general population. 
Nevertheless, the exact frequency and clinical implications of the presence of these prothrombotic factors 
in APS are still poorly characterized. Methods: All patients followed in an Autoimmune Diseases 
consultation with a diagnosis of APS fulfilling the Sidney revised criteria were included. Data regarding 
inherited thrombophilia was collected - Activated protein C resistance (APCR); Leiden V Factor 
mutation; C and S proteins deficiencies; Prothrombin G20210A  mutation; and Antithrombin III 
deficiency. Results: A total of 75 patients were analysed, with 65.3% corresponding to primary APS. The 
mean age of the study sample was 40 ± 9.4 years and the mean duration of disease was of 6.57 years ± 
4.78 years. Seventeen (22.7%) patients exhibited an inherited thrombophilia: 9 (16.1%) S protein  
deficiency, 5 (10.2%) APCR, 5 (8.5%) antithrombin III deficiency, 4 (7.1%) C protein deficiency, 2 
(4.5%) prothrombin G20210A  mutation and 1 (2.0%) Leiden V factor mutation. The presence of 
inherited thrombophilia did not show statistically significant association with clinical manifestations or 
recurrence of events. Conclusion: Although with a significant prevalence in the studied sample, the 
presence of inherited thrombophilia did not display a significant clinical implication. However, positive 
findings might have been undermined due to the reduced sample size originating an underpowered study. 
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Antiphospholipid Syndrome (APS) is defined by the presence of venous and/or arterial 
thrombosis and/or obstetrical manifestations in combination with the persistent positivity of 
antiphospholipid antibodies (aPL) [1,2].  
The development of thrombosis is multifactorial in APS, with other inherited and acquired risk 
factors influencing the thrombotic profile [3]. The exact prevalence and clinical implications of other 
prothrombotic factors are still poorly characterized. Previous data suggests that anticoagulant deficiencies 
are rare among APS patients but, albeit with conflicting results, some works indicate that C and S proteins 
deficiencies and Leiden V factor mutations are more frequent when compared to non-APS patients [4-8]. 
A study hints a role of Leiden V factor mutation in increased risk of arterial and venous thrombosis in 
APS patients [6], but further works do not confirm this association [8,4]. Regarding prothrombin 
G20210A mutation, available evidence does not suggest an increased prevalence nor a role as an 
additional thrombotic risk factor in APS [6,8,4]. 
APS carries significant morbidity and mortality without the appropriate management, but the 
recommended therapy, anticoagulation, carries itself significant morbidity and considerable change in the 
patient´s daily life [9]. 
Important questions remain unanswered on this field, namely what determines the type of APS 
clinical manifestation (arterial versus venous versus obstetric) and why some patients recur despite 
anticoagulation. Deepening the knowledge on other prothrombotic factors’ influence on APS clinical 
spectrum is still a goal for physicians who fight to improve therapeutic regimens, outcomes and patient’s 
quality of life. 
The aim of our study was to evaluate the presence of other prothrombotic factors and their clinical 
and prognostic implications, and also to verify the role of such risk factors in thrombosis recurrence. In 
addition we assessed for the presence of non-criteria clinical manifestations. 
 
1. Patients and methods 
A cohort analysis (with descriptive and analytical components) was conducted following approval 
by the Ethics Committee of Centro Hospitalar de São João. 
The study included male and female Caucasian patients, with ages between 18 and 65 years, 
selected as a convenience sample from the Autoimmune Diseases Outpatients Clinic of the Internal 
Medicine Department of Centro Hospitalar de João, Porto, Portugal.  
Inclusion criteria: patients with a diagnosis of “classic” APS based on the Sidney revised criteria.  
A total of 75 patients have been recruited, which were characterized by revising their records as 
well as laboratory and complementary imaging exams.  
All patients recruited strictly met the current classification criteria for APS [2]. Population 
characterization was performed by revising medical records as well as laboratory and imaging exams, 
and included in a database. Data registered comprised: (1) gender, (2) race, (3) age at diagnosis, (4) 
underlying autoimmune diseases, if any, (5) clinical manifestations at onset (defined as index event) and 
thereafter (6) clinical non-criteria manifestations, (7) laboratory profile including screening for inherited 
thrombophilia and immunological profile (antiphospholipid antibodies, aPL – namely β2glycoprotein1, 
 
 
anticardiolipin and lupus anticoagulant, ANA; ANA pattern; anti-SSa; anti-SSb; anti-Scl70; anti-
U1RNP; anti-centromere; ANCA; Rheumatoid Factor), (8) cardiovascular risk factors (hypertension; 
dyslipidemia; diabetes; obesity; hyperurucemia, smoking; (9) use of combined oral contraceptives 
(COCs), (10) therapy before and after disease onset/relapse. 
 
2. Statistical analysis 
All data and variables were in a database. Statistical analysis was performed by using SPSS 22 (IBM 
Analytics). In the analytical field, variables were analyzed using Chi-square and Fisher’s Exact tests for 
categorical variables.  
 
3. Results 
General Characteristics. The study included 75 patients, 61 female (80%) and 14 male (20%), with 
a mean age of 40.03 + 9.41 years old (30.61 – 49.44) and a mean disease duration of 6.57 + 4.78 years 
(1.79 – 11.35). 65.3% of patients (n=49) corresponded to primary APS, with the remaining being 
associated with other autoimmune disease, mostly Systemic Lupus Erythematosus (SLE) – 16 patients, 
21.3%. Regarding comorbidities, the most frequent cardiovascular risk factor among all analyzed 
variables was dyslipidemia (n=29, 38.7%). Twenty-four patients (47%) were taking COCs. Detailed 
information is presented in Table VII of “Attachments” section. 
Concerning thrombotic events, the most frequent index event among APS-patients was venous 
thrombosis, present in 47 (62.7%) patients, while arterial thrombosis occurred in 13 (17.3%) patients. 
Deep vein thrombosis corresponded to the most significant venous event, present in 36 patients (48%),  
followed by cerebral venous sinus thrombosis (n=12, 16%) and pulmonary embolism (n=10, 13.3%). On 
the arterial side, stroke was the most significant manifestation (n=6, 8%), followed by acute myocardial 
infarction (n=3, 4%) and transient ischemic attack (n=2, 2.7%). Regarding female patients, 36.1% of 
them presented with obstetric morbidity – 24.6% suffered from unexplained fetal death after 10th week of 
gestation; 6.6% had one or more premature births before 34 weeks and 1.6% experienced three or more 
embryonic pregnancy losses. 
Considering recurrence of thrombotic events, it occurred in 16% (n=12) of patients with venous 
thrombosis being the most frequent recurrent event. Complete description of recurrence is displayed in 
Table I. 
Analysing the group of patients with SLE-associated APS (n=16), venous thrombosis was present in 
11 (68.8%) patients, while arterial thrombosis occurred in 3 (18.8%) patients and obstetric morbidity in 6 










Recurrent Event Nº of cases (%) 
Venous thrombosis 14 (18.7%) 
Deep vein thrombosis 13 (17.3%) 
Pulmonary embolism 2 (2.7%) 
Cerebral venous sinus thrombosis 1 (1.3%) 
Axillary vein thrombosis 1 (1.3%) 
Ocular thrombosis 1 (1.3%) 
Arterial thrombosis   2 (2.6%) 
Ischemic stroke 1 (1.3%) 
Transient Ischemic Attack  1 (1.3%) 
Obstetric morbidity 5 (6.7%) 
Unexplained fetal death at 10 or more gestation weeks 3 (4.0%) 
One or more premature births before 34 weeks 2 (2.7%) 
 
Table I. Event recurrence among APS-patients. 
 
Regarding non-criteria clinical manifestations, the most common clinical entities observed were 
migraine (n=16, 21.3%) and thrombocytopenia (n=12, 16%). Less commonly, there were cases of renal 
microangiopathy (n=2, 2.7%), seizures (n=2, 2.7%), alveolar hemorrhage (n=2, 2.7%), livedo reticularis 
(n=1, 1.3%), memory lapses and cognitive impairment (n=1, 1.3%), and bone osteonecrosis (n=1, 1.3%). 
No patients displayed past events of transverse myelitis or chorea, ARDS, heart valve dysfunction or 
skin pseudovasculitis.  Detailed data is presented in the “Attachments” section, tables III and IV. 
 
Inherited thrombophilia and remaining immunological profile. Laboratory tests for inherited 
thrombophilia were not available in all patients, hence reducing the sample size in the analysis of these 
variables (levels of S Protein and C protein n=56, prothrombin G20210A mutation n= 44, Antithrombin 
III n=59, Leiden V factor n=51, and ACRP n=49). In the studied sample, 17 (22.7%) patients exhibited at 
least one inherited thrombophilia. The prevalence of each thrombophilia among the studied population is 
presented in table II.  
Thrombophilia 
Nº of patients 
(%) 
Patients with obstetric 
morbidity (n=22) 
S Protein Deficiency (n=56) 9 (16.1%) 4 (18.2%) 
Activated C-reactive protein (n=49) 5 (10.2%) 3 (13.6%) 
Antithrombin III (n=59) 5 (8.5%) 1 (4.5%) 
C Protein Deficiency (n=56) 4 (7.1%) 0 
Prothrombin gene mutation (n=44) 2 (4.5%) 1 (4.5%) 
Leiden V Factor (n=51) 1 (2.0%) 0 
 
Table II. Prevalence of thrombophilia among the studied patients 
 
Concerning the aPL profile, isolated lupus anticoagulant positivity occurred in 22  patients (29.3%), 
isolated anticardiolipin antibodies positivity in 14 (20%) and isolated β2glycoprotein1 antibodies 
positivity in 11 (14%). Double positivity for β2glycoprotein1 and antiocardiolipin antibodies occurred in 
7 patients (9.3%), double positivity for β2glycoprotein1 antibodies and lupus anticoagulant also in 7 
(9.3%) and double positivity for anticoagulant antibodies and lupus anticoagulant in 6 (8%). Triple 
 
 
positivity occurred in 8 patients (10.7%). Persistent positivity for aPL antibodies (accounted as more 
than 3 positive determinations) occurred in 24 patients (32%). 
Referring to the remaining immunological profile, ANA antibodies were present in 54.7% of the 
patients included in this study. The most frequent pattern was speckled (29.3%), followed by 
homogeneous (14.7%), nucleolar (9.3%) and mid-body (1.3%). Other autoantibodies usually requested 
as part of an autoimmune profile were almost always negative.  More detailed information is presented in 
table V in the “Attachments” section. 
 
Therapeutic approach. Fifty-eight  patients were under oral anticoagulation (warfarine), 28 with 
aspirin and one taking clopidogrel. Twenty-five patients were under therapy with hydroxychloroquine. 
Among the 12 patients that recurred, 9 (75%) were under under oral anticoagulation. 
 
Correlation between inherited thrombophilia, cardiovascular risk factors and clinical outcomes. 
The presence of inherited thrombophilia did not show statistically significant association with specific 
clinical manifestations or with recurrence of events. However, regarding non-criteria manifestation, a 
statistically significant association was found between APS-patients with C-protein deficiency and the 
occurrence of Raynaud phenomenon, with a p-value of 0.011 (determined using Fisher’s exact test). 
Concerning classical cardiovascular risk factors and their influence on patients’ prognosis, no statistically 
significant association with the type of clinical event nor with recurrence frequency was found. 
We present more detailed data in “Attachments”, tables VII and VIII. 
 
Discussion  
 In this study APS patients were evaluated for the presence of inherited thrombophilia (namely C 
and S Proteins deficiencies, Leiden V factor mutation, APCR, Antithrombin III deficiency and 
prothrombin G20210A mutation), cardiovascular risk factors and association with other autoimmune 
disease. The presence of inherited thrombophilia and/or cardiovascular risk factors were not associated 
with increased risk for recurrence neither with the type of vascular events. Furthermore, the presence of 
other autoimmune disease did not display any particular clinical significance among these patients.  
The literature surrounding the domain of other prothrombotic factors in APS is markedly scarce. 
Firstly, the rarity of these entities undermines the recruitment of large study samples. Secondly, a number 
of factors affects the determination of these parameters -  in acute thrombotic events or in patients under 
oral anticoagulation, natural anticoagulant activities counting may be decreased. Our study, albeit 
undersized, has tried to address these matters in a coherent manner: in order to avoid misdiagnosis of 
inherited C or S proteins deficiencies, these parameters were determined when patients were not under 
anticoagulation and with appropriate separation from an acute event.  
As the most striking finding of this study comes the significant prevalence of inherited 
thrombophilia, with 22.7% of patients displaying at least one of these parameters. Previous reports in the 
literature stated a prevalence of Factor V Leiden ranging from 1.3 to 13% and Prothrombin G20210A 
mutation ranging from 2.7% to 6.5% in APS [4,6,8]. Our values rank among these range (2% and 4.5%, 
respectively), but are not superior to those reported in the general population (2 to 8% for Factor V 
 
 
Leiden in Caucasians and 0 to 15.9% for Prothrombin G20210A mutation in different ethnic groups) 
[10,6,11,12]. In our cohort, nevertheless, there was a significant prevalence of other thrombophilia, such 
as S Protein deficiency (16.1%), RCPA (10.2%), Antithrombin III deficiency (8.5%) and C Protein 
deficiency (7.1%). 
In fact, no association was found between the presence of hereditary thrombophilia and specific 
thrombotic manifestations or recurrent events. Although these findings should be analyzed with care due 
to the reduced sample size, they add strength to the hypothesis that the presence of hereditary 
thrombophilia do not significantly increase the thrombotic risk of APS patients, and that no specific 
therapeutic measure needs to be contemplated in these patients. 
Inherited thrombophilia are also linked to adverse pregnancy outcomes [13]. Studies have suggested 
that pregnant women with antithrombin III deficiency have a higher incidence of obstetric morbidity 
when compared to women without thrombophilia [14,15]. In the present work no statistically significant 
association was found regarding these outcomes. 
In our study, we also evaluate the prevalence and potential associations with typical cardiovascular 
risk factors in criteria and non-criteria manifestations and event recurrence. A statistically significant 
association was not found, as in previous works, suggesting that they might not play a major role in 
thrombotic events of APS-patients [1,16]. 
Considering non-criteria manifestations, our study showed a prevalence of 16% of 
thrombocytopenia, a less prominent value than previous studies had reported. Other manifestations 
(neurological, renal, cutaneous) occurred in similar frequencies, being in line with previous works, 
suggesting that the presence of hereditary thrombophilia did not change the presence of these 
involvements [1,16-18]  
  
Study Limitations 
We present a single center, retrospective study with the inherent limitations of this type of study 
design. Additionally, the limited number of the study sample undermines the study power. 
 
Conclusion 
Although with a significant prevalence in the studied sample, the presence of inherited 
thrombophilia displayed no categorical or particular clinical significance. These findings suggest that 
clinical manifestations in APS are mainly due to the APS itself, and that the presence of inherited 
thrombophilia do not significantly change the disease course.  
However, future research is needed, with larger study populations and ideally a prospective 
design, in order to categorically clarify the role of concomitant inherited thrombophilia on APS and the 
need to adjust treatment goals in this particular population. 
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Table V. Immunological profile of APS-patients 
 
Other antibodies Nº of patients (%) 
ANA (n=75) 41 (54.7%) 
Anti-SSa (n=71) 6 (8.5%) 
Rheumatoid Factor (n=61) 3 (4.9%) 
Anti-SSb (n=71) 2 (2.8%) 
Anti-RNP (n=71) 1 (1.4%) 
ANCA (n=71) 1 (1.4%) 
Anti-centromere (n=71) 0 






Table VI. Prevalence of cardiovascular risk factor s among APS-patients 
 
Cardiovascular Risk Factor Nº of cases (%) 
Dyslipidemia (n=75) 29 (38.7%) 
Obesity (n=75) 19 (25.3%) 
Arterial Hypertension (n=75) 15 (20%) 
Smoker (n=75) 12 (16%) 
Hyperuricemia (n=75) 3 (4%) 




Vascular Manifestations Nº of patients (%) 
Superficial Vein Thrombosis (n=75) 7 (9.3%) 
Cutaneous Ulcers/Necrosis (n=75) 5 (6.7%) 
Raynaud Phenomenon (n=75) 4 (5.3%) 
Livedo Reticularis (n=75) 1 (1.3%) 
Alveolar hemorrhage (n=75) 0 
Skin Pseudovasculitis (n=75) 0 
Neurological Manifestations Nº of patients (%) 
Migraine (n=75) 16 (21.3%) 
Seizures (n=75) 2 (6.7%) 
Memory lapses (n=75) 1 (1.3%) 
Cognitive impairment (n=75) 1 (1.3%) 
Transverse myelitis (n=75) 0 
Chorea (n=75) 0 
 
 






























n=2 p=0.720 n=0 n=1 p=1 n=2 p=1 n=0 n=0 n=0 
Venous 
Thrombosis 
n=12 p=0.572 n=3 p=1 n=3 p=1 n=5 p=0.707 
n=1 
p=1 
n=4 p=1 n=1 p=0.508 
Obstetric 
morbidity 
n=4 p=0.763 n=1 p=1 n=0 n=3 p=0.668 n=0 n=0 n=1 p=0.296 
Recurrence of 
thrombotic  events 





































SVT 0 0 1 0 1 0 
Livedo reticularis 0 0 0 0 0 0 
Raynaud 0 2 1 0 1 0 
Cutaneous 
ulcers/necrosis 
0 0 1 0 0 0 
Hematological  Thrombocytopenia 1 1 1 0 1 0 
Cardiac Valvular dysfunction 0 0 0 0 0 0 
Neurological 
seizures 0 0 0 0 0 0 




1 0 1 0 0 0 
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patient care (the bedside). New research methods, including simulations, 
modeling and in silica experiments are also welcomed.. 
New Drugs and Devices 
This section is designed to highlight the development of new drugs for use in 
heart and vascular disease and devices that could be used for diagnostic or 
treatment purposes. 
Patient Practicums 
This section will feature brief and focused reviews that clinicians can refer to for 
day-to-day decision making. Reviews submitted to this section must have clear 
and practical clinical focus, with emphasis on patient care/management. 
Reviews should be approximately 1,500-2,000 words in length with 2 tables, 2 
figures and a maximum of 10 references. 
 
 
Early Career Scientific Contributions 
Early Career Scientific Contributions will contain original investigations, images, 
and reviews written by individuals in residency or fellowship training positions. 
Case reports that include unique features, multimedia formats or imaging, will 
also be considered. Submissions should be accompanied by a cover letter from 
the training director certifying that the corresponding author is in training. 
Education, Training, Networking and Career Development Series 
This section will include original investigations, concise review articles, and brief 
scientific or editorial communications dedicated to training, education, and 
career development. Submissions are welcomed that highlight relevant issues 
at all stages of ones' career as well as topics for continuing education in 
thrombotic, hemostatic, and vascular diseases. 
Vascular Medicine 
This section is dedicated to the burgeoning field of vascular conditions, 
disorders or diseases affecting the cerebrovascular, peripheral arterial vascular, 
venous, lymphatic and microvascular circulatory beds. 
National and International Meeting Highlights 
Highlights of the high-impact research presented at major Cardiology and 
Hematology Meetings (ie. AHA, ACC, ESC, ASH, and ISTH). A highlight 
summary can be up to 1,200 words with 2-3 tables and 2-3 figures. 
Fundamental and Translational Science Translator 
This section will provide an interpretation or translation of fundamental scientific 
constructs in the context of their potential impact or contribution to clinical 
practice, patient care and future patient-centered research. 
When Guidelines Collide 
This section is dedicated to comparing and contrasting guidelines in the 
disciplines of thrombosis and hemostasis from varying writing groups, societies, 
foundations and governing bodies in the United States and abroad. The overall 
goal is to provide clarity and context for practicing clinicians. Submissions 
should summarize guidelines and key points in specific practice areas 
employing the best available evidence. 
MANUSCRIPT SUBMISSION 
Manuscript Submission 
Submission of a manuscript implies: that the work described has not been 
published before; that it is not under consideration for publication anywhere 
else; that its publication has been approved by all co-authors, if any, as well as 
by the responsible authorities – tacitly or explicitly – at the institute where the 
work has been carried out. The publisher will not be held legally responsible 




Authors wishing to include figures, tables, or text passages that have already 
been published elsewhere are required to obtain permission from the copyright 
owner(s) for both the print and online format and to include evidence that such 
permission has been granted when submitting their papers. Any material 
received without such evidence will be assumed to originate from the authors. 
Online Submission 
Please follow the hyperlink “Submit online” on the right and upload all of your 
manuscript files following the instructions given on the screen. 
TITLE PAGE 
Title Page 
The title page should include: 
 The name(s) of the author(s) 
 A concise and informative title 
 The affiliation(s) and address(es) of the author(s) 
 The e-mail address, and telephone number(s) of the 
corresponding author 
 If available, the 16-digit ORCID of the author(s) 
Abstract 
Please provide an abstract of 150 to 250 words. The abstract should not contain 
any undefined abbreviations or unspecified references. 
Keywords 
Please provide 4 to 6 keywords which can be used for indexing purposes. 
TEXT 
Text Formatting 
Manuscripts should be submitted in Word. 
 Use a normal, plain font (e.g., 10-point Times Roman) for text. 
 Use italics for emphasis. 
 Use the automatic page numbering function to number the pages. 
 Do not use field functions. 
 Use tab stops or other commands for indents, not the space bar. 
 Use the table function, not spreadsheets, to make tables. 
 Use the equation editor or MathType for equations. 
 Save your file in docx format (Word 2007 or higher) or doc format 
(older Word versions). 
Manuscripts with mathematical content can also be submitted in LaTeX. 




Please use no more than three levels of displayed headings. 
Abbreviations 
Abbreviations should be defined at first mention and used consistently 
thereafter. 
Footnotes 
Footnotes can be used to give additional information, which may include the 
citation of a reference included in the reference list. They should not consist 
solely of a reference citation, and they should never include the bibliographic 
details of a reference. They should also not contain any figures or tables. 
Footnotes to the text are numbered consecutively; those to tables should be 
indicated by superscript lower-case letters (or asterisks for significance values 
and other statistical data). Footnotes to the title or the authors of the article are 
not given reference symbols. 
Always use footnotes instead of endnotes. 
Acknowledgments 
Acknowledgments of people, grants, funds, etc. should be placed in a separate 
section on the title page. The names of funding organizations should be written 
in full. 
SCIENTIFIC STYLE 
 Please always use internationally accepted signs and symbols for 
units (SI units). 
 Nomenclature: Insofar as possible, authors should use systematic 
names similar to those used by Chemical Abstract Service or IUPAC. 
 Genus and species names should be in italics. 
 Generic names of drugs and pesticides are preferred; if trade 
names are used, the generic name should be given at first mention. 
 Please use the standard mathematical notation for formulae, 
symbols, etc.: 
Italic for single letters that denote mathematical constants, variables, 
and unknown quantities 
Roman/upright for numerals, operators, and punctuation, and 
commonly defined functions or abbreviations, e.g., cos, det, e or exp, 
lim, log, max, min, sin, tan, d (for derivative) 
Bold for vectors, tensors, and matrices. 
REFERENCES 
Citation 
Reference citations in the text should be identified by numbers in square 
brackets. Some examples: 
 
 
1. Negotiation research spans many disciplines [3]. 
2. This result was later contradicted by Becker and Seligman [5]. 
3. This effect has been widely studied [1-3, 7]. 
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The list of references should only include works that are cited in the text and 
that have been published or accepted for publication. Personal communications 
and unpublished works should only be mentioned in the text. Do not use 
footnotes or endnotes as a substitute for a reference list. 
The entries in the list should be numbered consecutively. 
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Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, 
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 Article by DOI 
Slifka MK, Whitton JL (2000) Clinical implications of dysregulated 
cytokine production. J Mol Med. 
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 Book 
South J, Blass B (2001) The future of modern genomics. Blackwell, 
London 
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 Online document 
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Trent JW (1975) Experimental acute renal failure. Dissertation, 
University of California 
Always use the standard abbreviation of a journal’s name according to the ISSN 
List of Title Word Abbreviations, see 
 ISSN.org LTWA 
If you are unsure, please use the full journal title. 
 
 
For authors using EndNote, Springer provides an output style that supports the 
formatting of in-text citations and reference list. 
 EndNote style (zip, 2 kB) 
Authors preparing their manuscript in LaTeX can use the bibtex file spbasic.bst 
which is included in Springer’s LaTeX macro package. 
TABLES 
 All tables are to be numbered using Arabic numerals. 
 Tables should always be cited in text in consecutive numerical 
order. 
 For each table, please supply a table caption (title) explaining the 
components of the table. 
 Identify any previously published material by giving the original 
source in the form of a reference at the end of the table caption. 
 Footnotes to tables should be indicated by superscript lower-case 
letters (or asterisks for significance values and other statistical data) 
and included beneath the table body. 
ARTWORK AND ILLUSTRATIONS GUIDELINES 
Electronic Figure Submission 
 Supply all figures electronically. 
 Indicate what graphics program was used to create the artwork. 
 For vector graphics, the preferred format is EPS; for halftones, 
please use TIFF format. MSOffice files are also acceptable. 
 Vector graphics containing fonts must have the fonts embedded in 
the files. 






 Definition: Black and white graphic with no shading. 
 Do not use faint lines and/or lettering and check that all lines and 
lettering within the figures are legible at final size. 
 All lines should be at least 0.1 mm (0.3 pt) wide. 
 Scanned line drawings and line drawings in bitmap format should 
have a minimum resolution of 1200 dpi. 








 If any magnification is used in the photographs, indicate this by 
using scale bars within the figures themselves. 
 Halftones should have a minimum resolution of 300 dpi. 
Combination Art 
 
 Definition: a combination of halftone and line art, e.g., halftones 
containing line drawing, extensive lettering, color diagrams, etc. 
 Combination artwork should have a minimum resolution of 600 dpi. 
Color Art 
 Color art is free of charge for online publication. 
 If black and white will be shown in the print version, make sure that 
the main information will still be visible. Many colors are not 
distinguishable from one another when converted to black and white. A 
simple way to check this is to make a xerographic copy to see if the 
necessary distinctions between the different colors are still apparent. 
 If the figures will be printed in black and white, do not refer to color 
in the captions. 
 Color illustrations should be submitted as RGB (8 bits per 
channel). 
Figure Lettering 
 To add lettering, it is best to use Helvetica or Arial (sans serif 
fonts). 
 Keep lettering consistently sized throughout your final-sized 
artwork, usually about 2–3 mm (8–12 pt). 
 Variance of type size within an illustration should be minimal, e.g., 
do not use 8-pt type on an axis and 20-pt type for the axis label. 
 
 
 Avoid effects such as shading, outline letters, etc. 
 Do not include titles or captions within your illustrations. 
Figure Numbering 
 All figures are to be numbered using Arabic numerals. 
 Figures should always be cited in text in consecutive numerical 
order. 
 Figure parts should be denoted by lowercase letters (a, b, c, etc.). 
 If an appendix appears in your article and it contains one or more 
figures, continue the consecutive numbering of the main text. Do not 
number the appendix figures, 
"A1, A2, A3, etc." Figures in online appendices (Electronic 
Supplementary Material) should, however, be numbered separately. 
Figure Captions 
 Each figure should have a concise caption describing accurately 
what the figure depicts. Include the captions in the text file of the 
manuscript, not in the figure file. 
 Figure captions begin with the term Fig. in bold type, followed by 
the figure number, also in bold type. 
 No punctuation is to be included after the number, nor is any 
punctuation to be placed at the end of the caption. 
 Identify all elements found in the figure in the figure caption; and 
use boxes, circles, etc., as coordinate points in graphs. 
 Identify previously published material by giving the original source 
in the form of a reference citation at the end of the figure caption. 
Figure Placement and Size 
 Figures should be submitted separately from the text, if possible. 
 When preparing your figures, size figures to fit in the column width. 
 For most journals the figures should be 39 mm, 84 mm, 129 mm, 
or 174 mm wide and not higher than 234 mm. 
 For books and book-sized journals, the figures should be 80 mm 
or 122 mm wide and not higher than 198 mm. 
Permissions 
If you include figures that have already been published elsewhere, you must 
obtain permission from the copyright owner(s) for both the print and online 
format. Please be aware that some publishers do not grant electronic rights for 
free and that Springer will not be able to refund any costs that may have 
occurred to receive these permissions. In such cases, material from other 




In order to give people of all abilities and disabilities access to the content of 
your figures, please make sure that 
 All figures have descriptive captions (blind users could then use a 
text-to-speech software or a text-to-Braille hardware) 
 Patterns are used instead of or in addition to colors for conveying 
information (colorblind users would then be able to distinguish the visual 
elements) 
 Any figure lettering has a contrast ratio of at least 4.5:1 
COLOR ILLUSTRATIONS 
Publication of color illustrations is free of charge. 
ELECTRONIC SUPPLEMENTARY MATERIAL 
Springer accepts electronic multimedia files (animations, movies, audio, etc.) 
and other supplementary files to be published online along with an article or a 
book chapter. This feature can add dimension to the author's article, as certain 
information cannot be printed or is more convenient in electronic form. 
Before submitting research datasets as electronic supplementary material, 
authors should read the journal’s Research data policy. We encourage research 
data to be archived in data repositories wherever possible. 
Submission 
 Supply all supplementary material in standard file formats. 
 Please include in each file the following information: article title, 
journal name, author names; affiliation and e-mail address of the 
corresponding author. 
 To accommodate user downloads, please keep in mind that larger-
sized files may require very long download times and that some users 
may experience other problems during downloading. 
Audio, Video, and Animations 
 Aspect ratio: 16:9 or 4:3 
 Maximum file size: 25 GB 
 Minimum video duration: 1 sec 
 Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, 
mpeg, flv, mxf, mts, m4v, 3gp 
Text and Presentations 
 Submit your material in PDF format; .doc or .ppt files are not 
suitable for long-term viability. 
 A collection of figures may also be combined in a PDF file. 
Spreadsheets 





 Specialized format such as .pdb (chemical), .wrl (VRML), .nb 
(Mathematica notebook), and .tex can also be supplied. 
Collecting Multiple Files 
 It is possible to collect multiple files in a .zip or .gz file. 
Numbering 
 If supplying any supplementary material, the text must make 
specific mention of the material as a citation, similar to that of figures and 
tables. 
 Refer to the supplementary files as “Online Resource”, e.g., "... as 
shown in the animation (Online Resource 3)", “... additional data are 
given in Online Resource 4”. 
 Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”. 
Captions 
 For each supplementary material, please supply a concise caption 
describing the content of the file. 
Processing of supplementary files 
 Electronic supplementary material will be published as received 
from the author without any conversion, editing, or reformatting. 
Accessibility 
In order to give people of all abilities and disabilities access to the content of 
your supplementary files, please make sure that 
 The manuscript contains a descriptive caption for each 
supplementary material 
 Video files do not contain anything that flashes more than three 
times per second (so that users prone to seizures caused by such effects 
are not put at risk) 
ENGLISH LANGUAGE EDITING 
For editors and reviewers to accurately assess the work presented in your 
manuscript you need to ensure the English language is of sufficient quality to be 
understood. If you need help with writing in English you should consider: 
 Asking a colleague who is a native English speaker to review your 
manuscript for clarity. 
 Visiting the English language tutorial which covers the common 
mistakes when writing in English. 
 Using a professional language editing service where editors will 
improve the English to ensure that your meaning is clear and identify 
problems that require your review. Two such services are provided by our 
affiliates Nature Research Editing Service and American Journal Experts. 
 
 
Springer authors are entitled to a 10% discount on their first submission 
to either of these services, simply follow the links below. 
 English language tutorial 
 Nature Research Editing Service 
 American Journal Experts 
Please note that the use of a language editing service is not a requirement for 
publication in this journal and does not imply or guarantee that the article will be 
selected for peer review or accepted. 
If your manuscript is accepted it will be checked by our copyeditors for spelling 
and formal style before publication. 
ETHICAL RESPONSIBILITIES OF AUTHORS 
This journal is committed to upholding the integrity of the scientific record. As a 
member of the Committee on Publication Ethics (COPE) the journal will follow 
the COPE guidelines on how to deal with potential acts of misconduct. 
Authors should refrain from misrepresenting research results which could 
damage the trust in the journal, the professionalism of scientific authorship, and 
ultimately the entire scientific endeavour. Maintaining integrity of the research 
and its presentation can be achieved by following the rules of good scientific 
practice, which include: 
 The manuscript has not been submitted to more than one journal 
for simultaneous consideration. 
 The manuscript has not been published previously (partly or in 
full), unless the new work concerns an expansion of previous work 
(please provide transparency on the re-use of material to avoid the hint 
of text-recycling (“self-plagiarism”)). 
 A single study is not split up into several parts to increase the 
quantity of submissions and submitted to various journals or to one 
journal over time (e.g. “salami-publishing”). 
 No data have been fabricated or manipulated (including images) to 
support your conclusions 
 No data, text, or theories by others are presented as if they were 
the author’s own (“plagiarism”). Proper acknowledgements to other 
works must be given (this includes material that is closely copied (near 
verbatim), summarized and/or paraphrased), quotation marks are used 
for verbatim copying of material, and permissions are secured for 
material that is copyrighted. 
Important note: the journal may use software to screen for plagiarism. 
 Consent to submit has been received explicitly from all co-authors, 
as well as from the responsible authorities - tacitly or explicitly - at the 
institute/organization where the work has been carried out, before the 
work is submitted. 
 
 
 Authors whose names appear on the submission have contributed 
sufficiently to the scientific work and therefore share collective 
responsibility and accountability for the results. 
 Authors are strongly advised to ensure the correct author group, 
corresponding author, and order of authors at submission. Changes of 
authorship or in the order of authors are not accepted after acceptance 
of a manuscript. 
 Adding and/or deleting authors and/or changing the order of 
authors at revision stage may be justifiably warranted. A letter must 
accompany the revised manuscript to explain the reason for the 
change(s) and the contribution role(s) of the added and/or deleted 
author(s). Further documentation may be required to support your 
request. 
 Requests for addition or removal of authors as a result of 
authorship disputes after acceptance are honored after formal 
notification by the institute or independent body and/or when there is 
agreement between all authors. 
 Upon request authors should be prepared to send relevant 
documentation or data in order to verify the validity of the results. This 
could be in the form of raw data, samples, records, etc. Sensitive 
information in the form of confidential proprietary data is excluded. 
If there is a suspicion of misconduct, the journal will carry out an investigation 
following the COPE guidelines. If, after investigation, the allegation seems to 
raise valid concerns, the accused author will be contacted and given an 
opportunity to address the issue. If misconduct has been established beyond 
reasonable doubt, this may result in the Editor-in-Chief’s implementation of the 
following measures, including, but not limited to: 
 If the article is still under consideration, it may be rejected and 
returned to the author. 
 If the article has already been published online, depending on the 
nature and severity of the infraction, either an erratum will be placed with 
the article or in severe cases complete retraction of the article will occur. 
The reason must be given in the published erratum or retraction note. 
Please note that retraction means that the paper is maintained on the 
platform, watermarked "retracted" and explanation for the retraction is 
provided in a note linked to the watermarked article. 
 The author’s institution may be informed. 
COMPLIANCE WITH ETHICAL STANDARDS 
To ensure objectivity and transparency in research and to ensure that accepted 
principles of ethical and professional conduct have been followed, authors 
should include information regarding sources of funding, potential conflicts of 
interest (financial or non-financial), informed consent if the research involved 
 
 
human participants, and a statement on welfare of animals if the research 
involved animals. 
Authors should include the following statements (if applicable) in a separate 
section entitled “Compliance with Ethical Standards” when submitting a paper: 
 Disclosure of potential conflicts of interest 
 Research involving Human Participants and/or Animals 
 Informed consent 
Please note that standards could vary slightly per journal dependent on their 
peer review policies (i.e. single or double blind peer review) as well as per 
journal subject discipline. Before submitting your article check the instructions 
following this section carefully. 
The corresponding author should be prepared to collect documentation of 
compliance with ethical standards and send if requested during peer review or 
after publication. 
The Editors reserve the right to reject manuscripts that do not comply with the 
above-mentioned guidelines. The author will be held responsible for false 
statements or failure to fulfill the above-mentioned guidelines. 
DISCLOSURE OF POTENTIAL CONFLICTS OF INTEREST 
Authors must disclose all relationships or interests that could have direct or 
potential influence or impart bias on the work. Although an author may not feel 
there is any conflict, disclosure of relationships and interests provides a more 
complete and transparent process, leading to an accurate and objective 
assessment of the work. Awareness of a real or perceived conflicts of interest is 
a perspective to which the readers are entitled. This is not meant to imply that a 
financial relationship with an organization that sponsored the research or 
compensation received for consultancy work is inappropriate. Examples of 
potential conflicts of interests that are directly or indirectly related to the 
research may include but are not limited to the following: 
 Research grants from funding agencies (please give the research 
funder and the grant number) 
 Honoraria for speaking at symposia 
 Financial support for attending symposia 
 Financial support for educational programs 
 Employment or consultation 
 Support from a project sponsor 
 Position on advisory board or board of directors or other type of 
management relationships 
 Multiple affiliations 
 Financial relationships, for example equity ownership or 
investment interest 
 Intellectual property rights (e.g. patents, copyrights and royalties 
from such rights) 
 
 
 Holdings of spouse and/or children that may have financial interest 
in the work 
In addition, interests that go beyond financial interests and compensation (non-
financial interests) that may be important to readers should be disclosed. These 
may include but are not limited to personal relationships or competing interests 
directly or indirectly tied to this research, or professional interests or personal 
beliefs that may influence your research. 
The corresponding author collects the conflict of interest disclosure forms from 
all authors. In author collaborations where formal agreements for representation 
allow it, it is sufficient for the corresponding author to sign the disclosure form 
on behalf of all authors. Examples of forms can be found 
 here: 
The corresponding author will include a summary statement in the text of the 
manuscript in a separate section before the reference list, that reflects what is 
recorded in the potential conflict of interest disclosure form(s). 
See below examples of disclosures: 
Funding: This study was funded by X (grant number X). 
Conflict of Interest: Author A has received research grants from Company A. 
Author B has received a speaker honorarium from Company X and owns stock 
in Company Y. Author C is a member of committee Z. 
If no conflict exists, the authors should state: 
Conflict of Interest: The authors declare that they have no conflict of interest. 
RESEARCH INVOLVING HUMAN PARTICIPANTS AND/OR ANIMALS 
1) Statement of human rights 
When reporting studies that involve human participants, authors should include 
a statement that the studies have been approved by the appropriate institutional 
and/or national research ethics committee and have been performed in 
accordance with the ethical standards as laid down in the 1964 Declaration of 
Helsinki and its later amendments or comparable ethical standards. 
If doubt exists whether the research was conducted in accordance with the 
1964 Helsinki Declaration or comparable standards, the authors must explain 
the reasons for their approach, and demonstrate that the independent ethics 
committee or institutional review board explicitly approved the doubtful aspects 
of the study. 
The following statements should be included in the text before the References 
section: 
Ethical approval: “All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the institutional 
and/or national research committee and with the 1964 Helsinki declaration and 
its later amendments or comparable ethical standards.” 
For retrospective studies, please add the following sentence: 
“For this type of study formal consent is not required.” 
 
 
2) Statement on the welfare of animals 
The welfare of animals used for research must be respected. When reporting 
experiments on animals, authors should indicate whether the international, 
national, and/or institutional guidelines for the care and use of animals have 
been followed, and that the studies have been approved by a research ethics 
committee at the institution or practice at which the studies were conducted 
(where such a committee exists). 
For studies with animals, the following statement should be included in the text 
before the References section: 
Ethical approval: “All applicable international, national, and/or institutional 
guidelines for the care and use of animals were followed.” 
If applicable (where such a committee exists): “All procedures performed in 
studies involving animals were in accordance with the ethical standards of the 
institution or practice at which the studies were conducted.” 
If articles do not contain studies with human participants or animals by any of 
the authors, please select one of the following statements: 
“This article does not contain any studies with human participants performed by 
any of the authors.” 
“This article does not contain any studies with animals performed by any of the 
authors.” 
“This article does not contain any studies with human participants or animals 
performed by any of the authors.” 
INFORMED CONSENT 
All individuals have individual rights that are not to be infringed. Individual 
participants in studies have, for example, the right to decide what happens to 
the (identifiable) personal data gathered, to what they have said during a study 
or an interview, as well as to any photograph that was taken. Hence it is 
important that all participants gave their informed consent in writing prior to 
inclusion in the study. Identifying details (names, dates of birth, identity numbers 
and other information) of the participants that were studied should not be 
published in written descriptions, photographs, and genetic profiles unless the 
information is essential for scientific purposes and the participant (or parent or 
guardian if the participant is incapable) gave written informed consent for 
publication. Complete anonymity is difficult to achieve in some cases, and 
informed consent should be obtained if there is any doubt. For example, 
masking the eye region in photographs of participants is inadequate protection 
of anonymity. If identifying characteristics are altered to protect anonymity, such 
as in genetic profiles, authors should provide assurance that alterations do not 
distort scientific meaning. 
The following statement should be included: 
Informed consent: “Informed consent was obtained from all individual 
participants included in the study.” 
 
 
If identifying information about participants is available in the article, the 
following statement should be included: 
“Additional informed consent was obtained from all individual participants for 
whom identifying information is included in this article.” 
RESEARCH DATA POLICY 
The journal encourages authors, where possible and applicable, to deposit data 
that support the findings of their research in a public repository. Authors and 
editors who do not have a preferred repository should consult Springer Nature’s 
list of repositories and research data policy. 
 List of Repositories 
 Research Data Policy 
General repositories - for all types of research data - such as figshare and 
Dryad may also be used. 
Datasets that are assigned digital object identifiers (DOIs) by a data repository 
may be cited in the reference list. Data citations should include the minimum 
information recommended by DataCite: authors, title, publisher (repository 
name), identifier. 
 DataCite 
Springer Nature provides a research data policy support service for authors and 
editors, which can be contacted at researchdata@springernature.com. 
This service provides advice on research data policy compliance and on finding 
research data repositories. It is independent of journal, book and conference 
proceedings editorial offices and does not advise on specific manuscripts. 
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Upon acceptance of your article you will receive a link to the special Author 
Query Application at Springer’s web page where you can sign the Copyright 
Transfer Statement online and indicate whether you wish to order OpenChoice, 
offprints, or printing of figures in color. 
Once the Author Query Application has been completed, your article will be 
processed and you will receive the proofs. 
Copyright transfer 
Authors will be asked to transfer copyright of the article to the Publisher (or 
grant the Publisher exclusive publication and dissemination rights). This will 
ensure the widest possible protection and dissemination of information under 
copyright laws. 





Offprints can be ordered by the corresponding author. 
Color illustrations 
Online publication of color illustrations is free of charge. For color in the print 
version, authors will be expected to make a contribution towards the extra 
costs. 
Proof reading 
The purpose of the proof is to check for typesetting or conversion errors and the 
completeness and accuracy of the text, tables and figures. Substantial changes 
in content, e.g., new results, corrected values, title and authorship, are not 
allowed without the approval of the Editor. 
After online publication, further changes can only be made in the form of an 
Erratum, which will be hyperlinked to the article. 
Online First 
The article will be published online after receipt of the corrected proofs. This is 
the official first publication citable with the DOI. After release of the printed 
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